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PREFACE 

The  work  reported  herein  was  conducted  by  the  Arnold  Engineering  Development 
Center  (AEDC),  Air  Force  Systems  Command  (AFSC),  at  the  request  of  the  Air  Force 
Flight  Dynamics  Laboratory  (AFFDL/FER),  under  Program  Element  6220 IF.  The  results 
of  the  test  were  obtained  by  ARO,  Inc.  (a  subsidiary  of  Sverdrup  & Parcel  and  Associates 
Inc.),  contract  operator  of  AEDC,  AFSC,  Arnold  Air  Force  Station,  Tennessee,  undei 
AR0  Project  Number  P4IS-17A.  The  author  of  this  report  was  W.  L.  Peters,  ARO,  Inc 
The  data  reduction  was  completed  on  October  13,  1975,  and  the  manuscript  (ARO  Control 
No.  ARO-PWT-TR-75-160)/was  submitted  for  publication  on  November  II,  1975. 
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1.0  INTRODUCTION 


The  objective  of  this  test  program  was  to  acquire  deployment,  inflation,  and 
steady-state  data  which  would  allow  further  comparative  evaluations  to  be  made  ot  nylon 
and  Kevlar-29  (formerly  denoted  Fiber  B)  conical  ribbon  parachute.  A total  of  28 
deployments  of  nylon,  nylon/Kevlar-29,  and  Kevlar-29  parachutes  were  made  from  a 
strut-mounted  cylindrical  forebody  with  a flared  base  section  at  Mach  numbers  from  0.6 
to  1.2  and  dynamic  pressures  from  200  to  800  pst. 

2.0  APPARATUS 

2.1  TEST  FACILITY 

The  AEDC  Propulsion  Wind  Tunnel  (16T)  is  a closed-circuit,  continuous  flow  wind 
tunnel  capable  of  operation  between  Mach  numbers  0.20  and  1.60.  The  tunnel  can  be 
operated  over  a stagnation  pressure  range  from  120  to  4,300  psfa,  depending  on  Mach 
number.  The  test  section  stagnation  temperature  can  be  controlled  through  a range  of 
about  80  to  1 60°F  by  varying  the  cooling  water  temperature.  The  wind  tunnel  specific 
humidity  is  controlled  by  removing  tunnel  air  and  supplying  makeup  air  from  an 
atmospheric  dryer.  A more  complete  description  of  the  wind  tunnel  and  its  operating 
characteristics  can  be  found  in  Ref.  1 . 

A sketch  showing  the  model  location  and  strut  support  arrangement  in  Tunnel  16T 
is  presented  in  Fig.  1 . 

2.2  TEST  ARTICLES 

2.2.1  Model  Forebody  and  Deployment  System 

The  parachutes  were  deployed  from  a strut-mounted  forebody  as  shown  in  a 
dimensioned  sketch  and  a test  section  installation  photograph  in  Figs.  2 and  3,  respectively. 
An  ogive  nose  section  is  normally  used  on  the  forebody;  however,  for  this  test  program 
as  well  as  for  the  similar  previous  test  program  reported  in  Ref.  2,  the  nose  was  removed 
so  that  air  flowing  through  the  forebody  could  assist  the  deployment  spring  system.  A 
further  modification  was  made  to  the  forebody  for  the  present  test  program  with  the 
incorporation  of  a forebody  inlet  and  an  internal  butterfly  valve  to  control  airflow  through 
the  forebody.  The  butterfly  valve  was  operative  in  only  a completely  open  or  closed  mode 
through  actuation  of  an  air  cylinder.  Air  pressure  to  the  cylinder  was  controlled  by  means 
of  two  solenoid  valves.  A sketch  of  the  forebody  inlet  and  butterfly  valve  is  shown  in 
Fig.  4. 
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The  parachute  package  was  placed  in  the  forebody  storage  compartment  located  in 
the  flared  base  section  ot  the  model  and  was  restrained  against  a spring-loaded  plate  by 
foui  straps.  These  straps  were  connected  by  a release  pin  mechanism  to  deploy  the 
parachute  package  at  activation  of  the  same  air  cylinder  utilized  by  the  butterfly  valve. 
The  nser  webs  of  the  parachutes  were  fastened  by  two  pins  to  a load  cell  arrangement 
located  in  the  model  forebody.  A sketch  of  the  load  cell  arrangement  is  shown  in  Fig. 

2.2.2  Parachute  Details 

The  parachute  design  utilized  for  this  test  program  was  like  that  for  the  previous 

test  program  reported  in  Refs.  2 and  3.  This  design  is  representative  of  the  strength  and 

size  range  commonly  used  for  drogue  parachutes.  Each  parachute  tested  was  of  the  conical 

ribbon  type  with  a nominal  diameter  of  6.4  ft,  a 20-deg  cone  angle,  and  a geometric 

porosity  of  15  percent.  The  general  characteristics  of  the  parachute  design  are  presented 
in  Fig.  6. 

Sixteen  parachutes  of  four  different  versions  were  tested  with  each  version  differing 
the  percentages  by  weight  in  the  amount  of  nylon  and/or  Kevlar-29  materials  used 
construction.  The  materia,  makeup  of  each  of  the  components  of  the  fou  pat  chute 
construcon  versions  is  hsted  in  Tahie  ,.  With  the  exception  of  the  riser  wlhs  sim, “at 
components  among  the  four  versions  were  constructed  of  equal  tensile  strength  whether 
composed  o ny, on  or  Ke„ar.29  materia, s.  The  Kevlar-29  rise,  wehs  were  conslcted 
one  half  the  strength  of  their  nylon  counterparts. 

Some  of  the  physical  properties  of  Kevlar-29  are  listen  in  TaW»  n > • , • 

TfTe^ar  29  las  “"“"h  "T?  materia'S  °f ' "y,0n  a"d  DaCron@‘  As  shown'a  filament' 
n 29  af,Proxirnately  3.5  times  larger  ultimate  tensile  strength  than  a nylon 

of  parachuted TSa1^  •"‘“T  “ WCi8h'  SaVinES  iS  *>  *•>»  construction 

mater  l a7  J T B “ “ “ equal  strenSth  "Pl«*ment  for  either  of  these 

ate  als.  Also,  Kevlar-29  gives  an  even  greater  volume  savings  since  its  specific  gravity 

f hl8her  that  °f  "yl°"  « Da—  The  weight  and  storage  volume  reduction  acSed 
y usmg  Kevlar-29  wholly  or  partially  for  the  four  different  construction  parachute  versions 
this  test  program  is  shown  in  Fig.  7.  As  shown,  a maximum  saving  of  60  percent 
m weig  t and  68  percent  in  volume  is  realized  by  using  all  Kevlar-29  parachute  components 
compared  to  using  all  nylon  parachute  components. 


2.3  INSTRUMENTATION 


cell  ParaChUte  drag  l0ad  Was  measured  by  a 20,000-lb  capacity,  dual  element  load 
TKe  0l"PU,S  ,r°m  "»  toad  «"  •«  digitized  and  recorded  on  magnahe “ 
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online,  steady-state  data  reduction  and  were  recorded  by  a high-speed  digital  data  recording 
system  at  a sampling  rate  of  approximately  2,500  samples  per  second  for  offline  data 
reduction  of  parachute  drag  dynamics.  These  outputs  were  also  continuously  recorded 
on  direct-writing  oscillographs  for  real  time  monitoring  of  load  dynamics. 

Five  motion-picture  cameras  and  a 70-mm  still  camera  visually  documented  the  test, 
and  television  cameras  were  utilized  to  monitor  the  forebody  and  parachutes  during  the 
test. 

3.0  PROCEDURE 

3.1  TEST  CONDITIONS  AND  TECHNIQUE 

Before  the  initiation  of  the  wind  tunnel  test  operation,  the  parachute  package  was 
installed  in  the  forebody  storage  compartment  and  the  air  cylinder  was  actuated  to  close 
the  butterfly  valve  within  the  forebody.  After  test  conditions  were  achieved,  a countdown 
procedure  was  used  to  sequence  data  acquisition  during  deployment  of  the  parachute. 
The  deployment  procedure  consisted  of  activation  of  the  oscillographs,  the  high-speed 
digital  recording  system,  and  the  motion-picture  cameras,  followed  by  the  actuation  of 
the  air  cylinder  to  open  the  butterfly  valve  and  initiate  the  release  pin  mechanism  to 
deploy  the  parachute.  After  inflation  of  the  chute,  steady-state  drag  loads  were  acquired 
by  electrically  averaging  the  load  cell  analog  output  over  an  interval  of  1 sec. 

The  steady-state  drag  data  were  reduced  to  coelficient  form  by  using  a reference 
area  based  on  the  nominal  parachute  diameter  of  6.4  ft  and  the  tunnel  test  dynamic 
pressure  values  acquired  after  inflation  of  the  parachute.  In  Fig.  S,  the  deterioration  of 
Mach  number  and  dynamic  pleasure  with  the  sudden  inaease  in  tunnel  blockage  resulting 
from  parachute  inflation  is  shown.  A maximum  decrease  of  26  percent  in  Mach  number 
and  24  percent  in  dynamic  pressure  were  experienced  with  parachute  inflation  at  a 
predeployment  Mach  number  of  1.2  and  a dynamic  pressure  of  350  psf.  The 
postdeployment  (approximately  7 se^  aft*<r  depli.-yniiiHf  1 dyiUHlU:  drag  furfurmarcv 
parameters,  such  as  standard  deviation,  average  drag  coefficient,  skewness,  and  kurtosis 
were  calculated  from  the  data  recorded  by  the  high-speed  recording  system  utilizing  the 
statistical  analysis  program  which  is  outlined  in  Ref.  4. 

A summary  of  pdrUchute  deployments  is  presented  in  Table  3 with  the  nominal  tunnel 
conditions  pfiof  to  the  time  of  deployment  listed  for  aH  configurations  tested.  Drug  ddta 
were  obtained  for  designated  configurations  at  Mach  numbers  from  0.6  to  1.2  at  dynamic 
pasture*  ranging  from  20U  lo  650  psi  as  shown  in  TabU  4 The  mode!  FotvboJy  angle 
of  attack  and  angle  of  sideslip  were  zero  at  all  test  conditions. 
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3.2  UNCERTAINTY  OF  MEASUREMENTS 


Presented  below  is  an  estimate  of  the  uncertainty  of  measurements  based  on  nominal 
predeployment  test  conditions  at  a Mach  number  of  0.8  and  a dynamic  pressure  of  350 
psf.  Values  for  drag  uncertainty  are  given  for  both  the  online  steady-state  data  and  the 
data  obtained  on  the  high-speed  recording  system.  The  uncertainties  of  the  parameters 
are  presented  for  a 95-percent  confidence  level. 


Uncertainty  (±) 


Parameter 

Value 

Online 

Steady-State 

Data 

High-Speed 
Recording  System 
Data 

M 

on 

0 8 

0.003 

0.003 

Psf 

350 

2.2 

2.2 

D0,  lb 

9000 

13.71 

37.61 

Cd0 

0.8 

0.00518 

0.00633 

4.0  RESULTS  AND  DISCUSSION 
4.1  PARACHUTE  DYNAMIC  CHARACTERISTICS 


Typical  deployment  drag  time  traces  of  the  four  parachute  construction  versions  at 
a deployment  Mach  number  of  0.8  and  at  dynamic  pressures  from  200  to  800  psf  are 
presented  in  Fig.  9.  The  traces  display  the  relative  time  for  deployment  as  referenced 
to  the  time  of  air  cylinder  actuation  and  indicate  the  associated  dynamics  experienced 
by  each  parachute  during  deployment  and  inflation.  The  traces  show  that  each  parachute 
undergoes  an  initial  deployment  load,  the  snatch  load,  which  occurs  at  the  full  extension 
of  the  riser  webs  and  suspension  lines,  and  that  each  chute  encounters  a maximum,  or 
an  opening  shock  load,  which  occurs  at  the  full  inflation  of  the  canopy. 


In  Fig.  9,  it  is  shown  that  parachutes  constructed  wholly  or  partially  of  Kevlar-29 
display  a shorter  damping  time  for  opening  shock  load  dynamics  than  do  chutes  constructed 
of  nylon.  This  characteristic  is  similar  to  that  observed  in  the  previous  evaluation  test 
of  Kevlar-29  as  a parachute  material  (Ref.  2).  The  shorter  damping  time  is  perhaps 
attributable  to  the  greater  stiffness  of  Kevlar-29,  as  presented  in  Table  2,  with  the  material 
exhibiting  approximately  one-third  less  elongation  under  ultimate  tensile  loading  as 
compared  to  nylon. 


In  Fig.  10,  the  opening  shock  loads  for  each  of  the  Kevlar-29-constructed  parachutes 
are  compared  to  those  for  the  all-nylon  chutes  as  a function  of  predeployment  dynamic 


pressure.  As  shown,  opening  shock  load  linearly  increases  with  dynamic  pressure  for  the 
all-nylon  parachute  version.  The  chutes  partially  constructed  of  Kevlar-29  follow  a similar 
trend  but  exhibit  significantly  smaller  loads  than  the  all-nylon  chutes  at  dynamic  pressures 
above  400  psf.  These  results  show  also  that  the  all-Kevlar-29  parachutes  display  smaller 
opening  shock  loads  than  the  all-nylon  parachutes  at  dynamic  pressures  above  200  psf. 
The  lower  shock  loads  of  the  Kevlar-29  parachutes  can  again  be  attributed  to  the  smaller 
elongation  of  Kevlar-29  material  as  compared  to  nylon.  At  lower  dynamic  pressures  and 
loads,  the  difference  in  elongation  is  apparently  not  significant,  but  as  dynamic  pressure 
ihrlVMHf&  and  opf/.ing  ahock  loads  bveoffie  higher,  tlte  difference  in  dongatlun  between 
nylon  and  Kevlar-29  becomes  important.  These  higher  loads  result  in  a larger  mouth 
diameter  for  the  nylon  chutes  due  to  stretching  of  the  components  that  make  up  the 
canopy  and  thus  create  a larger  drag-producing  surface  for  the  nylon  chutes. 

With  Kevlar-29  material  exhibiting  less  than  one-third  of  the  elongation  of  nylon, 
an  important  concern  of  this  test  was  whether  Kevlar-29  parachutes  could  absorb  opening 
shock  load  energy  as  well  as  nylon  chutes.  From  Figs.  9 and  10,  it  is  observed  that  the 
Kevlar-29  chutes  withstood  similar  opening  shock  loads  as  well  as  the  nylon  chutes. 

Several  of  the  parachutes  tested  failed  structurally  during  deployment  and  canopy 
inflation  and  are  noted  in  Table  3.  Most  of  the  damage  experienced  by  these  chutes  was 
in  the  form  of  failure  in  the  horizontal  ribbons,  vertical  tapes,  and  suspension  lines. 

The  postinflation  parachute  drag  dynamic  characteristics  (approximately  2 sec  after 
deployment)  of  each  parachute  were  determined  from  the  statistical  analysis  program  which 
reduces  the  drag  data  recorded  by  a high-speed  digital  data  recording  system  at  a sampling 
rate  of  2,500  samples  per  second  and  calculates  the  drag  distribution  parameters  of  kurtosis, 
skewness,  standard  deviation,  and  the  average  drag  coefficient.  These  parameters  are 
tabulated  or.  the  dynamic  dfag  coefficient  distribution  sample  plot  presented  in  Fig.  11 
and  are  summarized  in  Table  5.  Also  presented  is  the  95-percent  confidence  level  interval, 
which  cqn  k interpreted  representing  n quamiurtivc  uwjwufetitettt  of  drag  dynamics 
at  a 95-percent  confidence  level.  The  drag  dynamics  of  the  test  parachutes  can  be  compared 
by  each  parachute's  relative  dynamic  parameter  (RDP),  which  is  found  by  dividing  the 
95-percent  confidence  interval,  expressed  as  the  drag  coefficient  interval,  by  the  average 
drag  coefficient.  These  values  are  also  tabulated  in  Table  5.  The  significance  of  the  relative 
dynamic  parameter  can  be  shown  by  reviewing  the  drag  dynamic  characteristics  ot  a 
parachute  having  a Gaussian-type  drag  distribution  when  values  of  zero,  unity,  and  'wo 
are  assigned  to  the  relative  dynamic  parameter.  A value  of  zero  implies  no  dynamics; 
a value  of  unity  implies  that  the  magnitude  of  the  dynamics  about  the  average  drag 
coefficient  is  e»jual  to  50  percent  of  the  average  drag  a . ffu-ient ■ a vittw  of  two  implks 
that  the  magnitude  of  the  dynamics  about  the  average  is  equal  to  100  percent  of  the 
average  drag  coefficient. 
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The  deviation  of  the  skewness  parameter  from  zero  indicates  that  the  statistical 
distribution  is  not  symmetrical  about  the  average  drag  coefficient.  Positive  values  of  this 
parameter  indicate  higher  dynamics  above  the  average  value,  and  likewise,  negative  values 
indicate  lower  dynamics  than  the  average  value.  A value  of  three  for  the  kurtosis  parameter 
represents  a typical  Gaussian-type  statistical  distribution.  If  the  kurtosis  parameter  is  greater 
than  three,  the  distribution  is  more  peaked  than  a Gaussian  distribution;  likewise,  if  the 
kurtosis  parameter  lias  a value  loss  than  Ihf «,  the  distribution  is  kss  pt  rkod  than  a Gausriai 
distribution. 

The  statistical  analysis  data  in  Table  5 and  Fig.  12  show  that  as  dynamic  pressure 
increases  fruin  2Ul>  to  bOO  psl,  the  foui  parachute  versions  display  a decrease  in  the  relative 
dynamic  parameter  and  the  standard  deviation.  It  appears  also  that  on  the  average  the 
magnitude  of  ih*  whtivi  dynamic  parameter  and  the  sruidird  J«.  vntiun  Kieurrn  imallur 
as  a function  of  increasing  the  amount  of  Kevlar-29  used  in  chute  construction.  These 
results  thus  indicate  that  a small  reduction  in  postinflation  drag  dynamics  can  be  achieved 
by  using  Kevlar-29  in  place  of  nylon  as  a chute  material. 

4.2  STEADY-STATE  PERFORMANCE 

For  this  test  program,  free-stream  flow  was  ducted  through  the  deployment  forebody 
so  that  dynamic  pressure  forces  could  assist  in  parachute  deployment.  In  Fig.  1 3 the  effect 
of  this  procedure  on  parachute  drag  is  shown.  These  results  were  obtained  by  setting 
a given  tunnel  condition  and  by  successively  acquinng  steady-state  drag  data  with  the 
butterfly  valve  open  and  closed.  These  data  show  that  there  is  negligible  change  in 
steady<stsi<  ring  perfur nnw  with  or  wilhoui  fru-stiemn  ilort  through  the  lOrehody  vl 
the  various  Mach  numbers  tested. 

Presented  in  Fig.  14  is  the  variation  of  steady-state  drag  coefficient  as  a function 
of  Mach  number  for  the  four  parachute  construction  versions  tested.  In  general,  these 
data  show  that  Kevlar-29-constructed  parachutes  exhibit  less  drag  than  nylon  chutes  at 
all  Mach  numbers  and  dynamic  pressures.  It  appears  also  that  this  drag  decrement  between 
nylon  and  Kevlar-29  constructed  chutes  becomes  larger  as  dynamic  pressure  increases.  The 
lower  dt'ig  j1  Krvbr-lJ  { AtiduiU*  a a result  of  a sriudl.  r parachute  mamh  diumetfif  which 
in  turn  is  attributable  to  the  smaller  elongation  of  Kevlar-29  as  compared  to  nylon  in  the 
components  that  comprise  the  canopy. 

The  results  in  Fig.  14  show  that  except  for  Mach  numbers  between  0.7  and  0.9, 
the  steady-state  drag  decreases  slightly  as  Mach  number  increases  for  all  parachute  versions. 
At  dynamic  {Tiessures  of  200  and  350  psf,  however,  a marked  decrease  in  drag  from  0.7 
to  0.8  Mach  number  is  observed  followed  by  a similar  increase  in  drag  from  0.8  to  0.9. 
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All  parachute  configurations  in  Fig.  14  for  which  steady-state  drag  results  were 
obtained  were  tested  until  major  parachute  damage  occurred.  For  most  configurations  this 
damage  consisted  of  structural  failure  of  the  horizontal  ribbons  and  vertical  tapes  within 
the  canopy.  These  configurations  are  designated  in  Fig.  14  at  the  test  conditions  where 
damage  was  observed  by  online  television  cameras.  Whenever  parachute  damage  was  noted, 
testing  was  terminated  for  the  given  parachute  configuration.  Since  the  results  in  Fig. 
14  show  no  significant  degradation  in  drag  for  these  data,  they  are  considered  valid. 

Though  parachutes  constructed  of  Kevlar-29  exhibit  less  drag  than  similarly 
constructed  chutes  of  nylon,  a significant  weight  and  volume  savings  can  he  Tealized  by 
using  Kevlar-29  as  a substitute  for  nylon,  as  shown  in  Figs.  15  and  16.  Included  are  data 
from  Kef.  2 K>*  pinwhuCf  comttuclion  Version  NVBN,  BNN \,  sad  N'BBN  Th-v,  r-suH* 
show  that  a maximum  weight  savings  of  57  percent  and  a volume  savings  of  65  percent 
can  be  achieved  by  using  Kevlar-29  to  construct  a parachute  with  drag  performance 
equivalent  to  that  of  an  all-nylon  chute.  Because  Kevlar-29  chutes  exhibit  lower  drag 
than  all-nylon  chutes  of  equivalent  size  and  strength,  these  savings  are  slightly  less 
than  predicted  in  Fig.  7 and  are  reduced  further  as  dynamic  pressure  increases. 

5.0  CONCLUDING  REMARKS 

Tests  were  conducted  to  evaluate  the  deployment  and  inflation  characteristics, 
dynamics,  and  drag  of  parachutes  constructed  of  Kevlar-29.  The  tests  were  conducted 
at  Mach  numbers  from  0.6  to  1 .2  and  dynamic  pressures  from  200  to  800  psf.  The  following 
observations  summarize  the  results: 

1.  A maximum  savings  of  57  percent  in  weight  and  65  percent  in  volume 
can  be  realized  by  using  Kevlar-29  as  a substitute  for  nylon  in  parachute 
construction. 

2.  Opening  shock  loads  for  the  all-nylon  parachute  version  linearly  increased 
with  dynamic  pressure.  All  of  the  Kevlar-29  parachute  versions  displayed 
significantly  smaller  opening  shock  loads  than  the  all-nylon  version  above 
a dynamic  pressure  of  400  psf. 

3.  Kevlar-29  constructed  parachutes  absorbed  opening  shock  loads  as  well  as 
all-nylon-constructed  parachutes. 

4.  Parachutes  partially  or  wholly  composed  of  Kevlar-29  generally  exhibited 
less  steady-state  drag  than  the  all-nylon-constructcd  parachutes  at  the  same 
dynamic  pressures.  As  dynamic  pressure  increased,  this  decrement  in 
steady-state  drag  became  larger. 
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5.  The  damping  time  for  the  deployment  drag  dynamics  was  shorter  for 
Kevlar-29-constructed  parachutes  than  for  all-nylon-constructed  parachutes. 


6.  A small  reduction  in  postinflation  drag  dynamics  was  achieved  by  using 
Kevlar-29  in  place  of  nylon  as  a chute  material. 
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Figure  3.  Installation  of  model  forebody  in  test  section 
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Figure  10.  Variation  of  opening  shock  load  with  dynamic  pressure,  = 0.8. 
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distribution  plot  of  the  postinflation  dynamic  drag  characteristics, 
>0  psf,  configuration  BBBN5. 
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Table  1.  Parachute  Material  Construction 
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Table  5.  Parachute  Statistical  Analysis  Summary 
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NOMENCLATURE 

Parachute  drag  coefficient,  D/qJS0 

Mean  parachute  drag  coefficient  value  of  each  cell  in  the  statistical  analysis 
program,  D/qJS0 

Drag  force,  lb 

Opening  shock  load,  lb 

Tunnel  free-stream  Mach  number 

Total  number  of  drag  coefficient  data  samples  used  in  the  statistical  analysis 
program 

Number  of  drag  coefficient  data  samples  in  each  cell  of  the  statistical 
analysis  program 

Maximum  number  of  drag  coefficient  samples  in  any  cell  of  the  statistical 
analysis  program 

Tunnel  free-stream  dynamic  pressure,  psf 

Ratio  of  the  95-percent  confidence  level  interval,  expressed  as  drag 
coefficient  interval,  of  a distribution  of  drag  coefficient  data  to  the  average 
drag  coefficient  value  as  determined  from  the  statistical  analysis  program 

Nominal  parachute  reference  area,  32.169  ft 

Volume  of  nylon  parachute  configuration 

Volume  of  any  parachute  configuration 

Weight  of  nylon  parachute  configuration 

Weight  of  any  parachute  configuration 

Distance  in  forebody  diameters  (D  = 17.6  in.)  from  model  base  to  leading 
edge  of  parachute  skirt,  9.024 

Standard  deviation  of  the  distribution  of  drag  coefficient  data  determined 
from  the  statistical  analysis  program 
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